HIV and HTLV (Human T-ymphotropic Virus) are the only known retroviruses responsible for causing infection in humans. HTLV-1 and HIV-1 are frequent co-pathogens, however, despite its potential for accelerated progression of HIV disease and the risk of developing adult T-cell lymphoma/leukemia (ATLL), HTLV-1 is seldom considered for investigation in the HIV-1 positive individual. Severe/refractory hypercalcaemia, unresponsive to conventional calcium lowering therapy may complicate up to 70% of cases of ATLL. In addition, HTLV-1 and ATLL have both been associated with a rise in dysfunctional CD4 lymphocytes, thereby conveying a false sense of immune competence in the HIV-1 infected individual.
Introduction
Human T-lymphotropic virus 1 (HTLV-1) was first described in the 1980's, but in actual fact is an "ancient" pathogen that has infected humans for many centuries [1] . Besides human immunodeficiency virus (HIV), HTLV is the only other retroviruses known to cause disease in humans [2] . HTLV-1 and HIV-1 are frequent copathogens [3] . With the current HIV epidemic affecting predominantly sub-Saharan Africa [4] , there is renewed interest in this organism. Many clinicians treating patients with HIV-1 are unaware of the possibility of HTLV-1 co-infection and its associated potential for accelerated progression to AIDS as well as the risk of developing adult T-cell lymphoma/leukemia (ATLL) or HTLVassociated myelopathy / tropical spastic paraparesis (HAM/TSP) [5] .
In the HIV positive patient presenting with severe/refractory hypercalcaeima, the likelihood of occult ATLL and HTLV-1 coinfection must be considered. The triad presentation of HTLV-1, ATLL and severe/refractory hypercalcaemia has been described in case reports [6] [7] [8] [9] . However, the true prevalence of this presentation is unknown, largely due to misdiagnosis and underreporting as HTLV-1 is seldom considered for investigation in HIV infected individuals [10] . Current areas of uncertainty surrounding HTLV-1 co-infection include its impact on the progression of HIV disease and the initiation of antiretroviral therapy in countries where access to these drugs are restricted [3, 11] . We (authors) have recently managed and been made aware of a number of HIV-1 infected individuals that had presented with refractory hypercalcaemia secondary to HTLV-1 associated ATLL. In this article, we review aspects of this presentation with the aim of improving awareness of the concurrent presence of HTLV-1 coinfection in the HIV-1 infected individual, especially in sub-Saharan Africa and other high HIV prevalence settings. We also aim to emphasize the potential for accelerated progression of HIV-1 disease, the difficulties in interpreting the CD4 cell count when deciding on the initiation of (antiretroviral therapy) ART or when monitoring HIV-1 disease progression as well as the pathogenesis and basic management of refractory hypercalcaemia in the HIV-1 infected individual with concurrent HTLV-1/ATLL.
Methods
A comprehensive literature search strategy was conducted using the following electronic databases: cochrane database of systematic 
Current status of knowledge
HTLV-1: HTLV-1 was first described in the USA in 1980 [12] and independently again in 1982 in Japan [13, 14] . In endemic regions such as Japan, the Carribean, South America and sub-Saharan Africa, the reported prevalence of HTLV-1 amongst the general population is between 0.5% and 20% [10, 15] . Like HIV, HTLV-1 is a retrovirus that not only also infects CD4 T-lymphocytes but is similar in structure and route of transmission to the HIV virus [16] . HTLV-1, however, is not as easily transmitted as HIV-1 [17] . HIV-1 and HTLV-1 have also been shown to co-infect the same CD4+ cell [18] .
Ninety five percent of individuals infected with HTLV-1 remain asymptomatic. The other 5% manifest with ATLL or HTLV associated myelopathy/tropical spastic paraparesis (HAM/TSP) [19, 20] . In the Caribbean HTLV-1 is commonly associated with refractory and persistent staphylococcal and streptococcal cutaneous infections [21] . There have also been case reports linking HTLV-1 to the presentation with uveitis, arthritis, sjogrens syndrome and strongyloides stercoralis hyperinfection [22] . In terms of diagnosis, antibodies to HTLV-1 can be detected with a screening ELISA test. A positive result must be confirmed with detection of gene products on Western blot analysis. PCR has a poor sensitivity Page number not for citation purposes 3 for the detection of viral RNA as a detectable plasma viral load is seldom present in most cases [5] . Antiretroviral agents such as lamivudine, zidovudine and raltegravir have not shown clear benefit in patients with HTLV-1 infection [23, 24] .
ATLL: HTLV-1 has oncogenic potential and is invariable present in almost all cases of ATLL, a neoplasm of mature CD4 T-lymphocytes [25] . Not surprisingly, the prevalence is highest in HTLV-1 endemic regions described above [26] . The median age of diagnosis is in the 6 th decade of life in HIV uninfected individuals, but has been shown to be much earlier in HIV co-infected individuals [17] . Several forms of ATLL have been described [27] . More than half of patients present with the acute form which is characterised by organomegally, lymphadenopathy and a leukaemic picture on laboratory analysis. About half of these patients also present with skin lesions and hypercalcaemia which has a tendency to be severe/refractory. In the chronic form, patients present with chronic lymphocytosis that develops over months to years, skin lesions, small volume lymphadenopathy and no hypercalcaemia. The smouldering form is the most benign. Patients are usually asymptomatic or present with skin rashes that is generally responsive to the application of a topical corticosteroid ointment. In the lymphoma form, patients manifest with organomegally, raised LDH, occasional hypercalcaemia but no blood involvement [27, 28] .
In terms of therapy, the best results are achieved with a combination of zidovudine, alpha interferon and chemotherapy.
However the overall prognosis of ATLL is poor [29] . The median survival of the acute and lymphoma forms is less than 1 year, whilst the prognosis with the other subtypes is slightly better [30] . mmol/L) [55, 56] . Recently denosumab, a fully humanised monoclonal antibody has been associated with success in 2 cases of bisphosphonate refractory hypercalcaemia [57] .
Conclusion
In conclusion, more studies are required to determine the prevalence of HTLV-1 and its impact on CD4 lymphocyte counts 
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